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(54) Light-diffusing sheet, and projection-type screen and liquid crystal display unit both 
provided with said light-diffusing sheet 



(57) A light-diffusing sheet of the type having a clear 
film (1 ) and two light diffusing layers (2, 3) formed con- 
secutively thereon, characterized in that the first light- 
diffusing layer (2) is a film of clear resin incorporated 
with a light-diffusing material, and the second light-dif- 
fusing layer (3) is a film of clear resin having a corru- 
gated surface structure formed thereon. 



It can be used for the rear-projection screen without 
the occurrence of moire pattern. It can also be used for 
the front-projection screen which permits the viewing 
angles to be established in the horizontal and vertical 
directions independently. Furthermore, ft can be used 
for the liquid crystal display unit to increase its viewing 
angle without decreasing contrast. 
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Description 

The present invention relates to a light-diffusing 
sheet to be used as a component of the screen of pro- 
jection television or as a component of the liquid crystal s 
display unit The light-diffusing sheet permits one to 
watch clearly the image of a liquid crystal panel pro- 
jected onto the front or rear side of the screen. Also, the 
light-diffusing sheet permits one to watch the image of a 
liquid crystal panel at a wider viewing angle. 10 

The CRT projection television of conventional type 
is being replaced by another projection television of new 
type which is designed such that the image of a liquid 
crystal panel is projected onto a screen (from its front or 
rear side) and enlarged thereon by means of a projec- is 
tion lens. The rear-projection screen for such projection 
television is usually a lenticular lens sheet which is con- 
structed of a clear plastic sheet and lenticular lenses 
formed thereon, as disclosed in Japanese Patent Laid- 
open No. 61120/1993 and others. The front-projection 20 
screen for such projection television usually has its sur- 
face coated with glass or plastic beads. 

In the field of information machine such as personal 
computer and word processor, the liquid crystal display 
unit has come into general use recently. The liquid crys- 25 
tal used for the liquid crystal display unit is either of 
twisted nematic type (TN) or super twisted nematic type 
(STN). They poses a problem with narrow viewing 
angle. One way to address this problem is by installing 
a lens array on the viewer's side of the liquid crystal 30 
panel, thereby enlarging the image emanating from the 
liquid crystal panel, as disclosed in Japanese Patent 
Laid-open Nos. 25399/1978 and 65175/1981. Another 
way is by installing a light scattering plate in place of the 
lens array, as disclosed in Japanese Patent Laid-open 35 
Nos. 143791/1986 and 148430/1986. 

A problem existing in the rear-projection screen 
provided with a lenticular lens sheet is with the occur- 
rence of a moir£ pattern, which depends on the inter- 
vals of lenticular lenses and the size of pixels in the 40 
liquid crystal panel. The smaller the pixels are, the more 
prone the moir§ pattern is to occur. On the other hand, 
the beads-coated front-projection screen suffers the 
disadvantage that beads diffuse the projected light in 
random directions. So it is difficult to accomplish the 45 
desired viewing angles in both the horizontal and verti- 
cal direction. 

The liquid crystal display unit consisting of a liquid 
crystal panel and a lens array placed thereon (toward 
the viewer) to enlarge the viewing angle poses a prob- so 
lem with the occurrence of a moir6 pattern if the lens 
array has a large lens diameter. Since a moir6 pattern 
occurs when there exists a particular relation between 
the intervals of the lens array and the dimensions of pix- 
els of the liquid crystal panel, it is necessary that the 55 
lens diameter of the lens array should be smaller than 
the dimensions of pixels H the moir£ pattern is to be 
avoided. However, such a lens array has to be small in 
size, and it would be very difficult to make a mold for it. 



A light scattering plate as a substitute for the lens array 
is easy to produce, but it has the disadvantage of scat- 
tering light outside the required viewing angle, thereby 
lowering the image contrast. 

The present invention was completed in order to 
address the above-mentioned problems. Accordingly, it 
is an object of the present invention to provide a light- 
diffusing sheet which offers advantages in different 
application areas as follows. When used for the rear- 
projection television, it prevents the occurrence of a 
moire pattern. When used for the front-projection televi- 
sion, it makes it possible to establish the viewing angle 
in the horizontal and vertical planes independently. 
When used for the liquid crystal display unit, it makes it 
possible to enlarge the viewing angle while preventing 
the image contrast from decreasing. 

According to the present invention, the light-diffus- 
ing sheet is a laminate sheet composed of a clear film 
and two light diffusing layers of clear resin formed ther- 
eon one over the other, the first light-diffusing layer con- 
taining a light-diffusing material therein and the second 
light-diffusing layer having a corrugated surface struc- 
ture formed on the surface thereof. The light- diffusing 
sheet is schematically shown in section in Fig. 1. It is 
composed of a clear plastic film 1 , a first light-diffusing 
layer 2, and a second light-diffusing layer 3. which are 
laminated on top of the other. 

Fig. 1 is a sectional view showing an example of the 
light-diffusing sheet of the present invention. 

Fig. 2 is a schematic diagram showing an example 
of the projection type screen provided with the light-dif- 
fusing sheet. 

Fig. 3 is a sectional view showing another example 
of the light-diffusing sheet of the present invention. 

Fig. 4 is a schematic, diagram showing another 
example of the projection type screen provided with the 
light-diffusing sheet 

Fig. 5 is a schematic diagram showing an example 
of the liquid crystal display unit provided with the light- 
diffusing sheet. 

The light-diffusing sheet of the present invention 
has two light diffusing-layers, one containing a light-dif- 
fusing material therein and the other having a corru- 
gated surface structure formed on the surface thereof. It 
produces its light-diffusing effect owing to the light-dif- 
fusing material and the corrugated surface structure. 
The former diffuses light in both the horizontal and ver- 
tical directions, and the latter diffuses light only in one 
direction, such as the horizontal direction. Therefore, 
the light diffusing sheet permits the light to be diffused in 
the horizontal and vertical directions independently as 
desired if the amount of the light-diffusing material is 
properly controlled and the depth of the corrugated sur- 
face structure is also properly controlled. Since the first 
light-diffusing layer (containing the light-diffusing mate- 
rial) and the second light-diffusing layer (having the cor- 
rugated surface structure) are formed separately, there 
is no possibility that the light-diffusing material migrates 
to the surface, thereby forming minute irregularities on 
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the corrugated surface structure. Therefore, the light- 
diffusing sheet does not produce unnecessary diffused 
light (which would exist if the light-diffusing material 
migrates to the surface) and hence does not decrease 
in diffusion by the corrugated surface structure. 

The light-diffusing sheet of the present invention 
should preferably meet the conditions specified by the 
equation below. 

10 urn £ t < 500 jam 
0.01 < An < 0.12 

3 wt% < c 
4 jam < d < 30 ^irn 

where, 

t denotes the thickness of the first light-diffusing 
layer; 

An denotes the difference between the refractive 
index of the light-diffusing material in the first light 
diffusing layer and the refractive index of the clear 
resin of the first light-diffusing layer; 
c denotes the concentration (by weight) of the light- 
diffusing material in the first light-diffusing layer; 
and 

d denotes the average particle diameter of the light 
diffusing material in the first light-diffusing layer. 

The first light-diffusing layer should have a thick- 
ness in the range specified above, so that it is capable 
of satisfactory light diffusion. The first light-diffusing 
layer may be formed by the usual coating method such 
as spin coaling. The clear resin and the light<iiffusing 
material should have refractive indices whose differ- 
ence is greater than 0.01 so that the light-diffusing sheet 
gives a good light-diffusing performance without the 
necessity of unduly increasing the amount of the light- 
diffusing material. The light-diffusing material in an 
excess amount increases the viscosity of the clear resin 
constituting the first light-diffusing layer to such an 
extent coating is difficult to carry out. This difficulty is 
avoided if the above-mentioned requirement is met. In 
addition, the difference between the two refractive indi- 
ces should be smaller than 0.12, so that the first light- 
drffusing layer will not become transparent when the 
content of the light-diffusing material is low. Hot spot is 
prevented if the above-mentioned requirement is met. 
The first light-diffusing layer should contain the light-dif- 
fusing material in an amount more than 3 wt% so that it 
is capable of satisfactory light diffusion. Moreover, the 
light-diffusing material should have an average particle 
diameter larger than 4 ^im, so that the light-diffusing 
sheet has good color temperature characteristics. Also, 
the light-diffusing material should have an average par- 
ticle diameter smaller than 3 \im\ this requirement is 
necessary for good light diffusion characteristics and 



easy coating in the usual way (such as spin coating). 

The second light-diffusing layer has the corrugated 
surface structure as mentioned above. This structure 
should meet the condition specified by the equation 
s below. 

1 urn < p < 600 pm 

where, p denotes the pitch of the corrugation. 
10 With a pitch larger than 1 pm, the light-diffusing layer is 
free from coloring due to light diffraction. With a pitch 
smaller than 600 urn, the light-diffusing layer does not 
produce a moir6 pattern when the light diffusing sheet is 
used for a projection screen or a liquid crystal display 
unit. This results from the pitch size relative to the pixel 
size of the liquid crystal panel. 

According to the present invention, the light-diffus- 
ing sheet should be prepared such that the first light-dif- 
fusing layer meets the above-mentioned requirements 
(for the layer thickness, the difference between indices, 
the concentration of the light- diffusing material, and the 
average particle diameter of the light-diffusing material) 
and the second light-diffusing layer also meets the 
above-mentioned requirement (for the pitch of the corru- 
gated surface structure). 

The clear film used for the light-diffusing sheet of 
the present invention maybe a polarizing film. The light- 
diffusing sheet is formed from this polarizing film and 
two light-diffusing layers laminated thereon, the first 
layer containing the light- diffusing material and the sec- 
ond layer having the corrugated surface structure. 
When used for a projection-type screen, the light-diffus- 
ing sheet constructed in this way offers the advantage of 
improving the image contrast on the screen because 
the polarizing film absorbs part of the illuminating light 
which lowers the image contrast. In addition, when used 
for a liquid crystal display unit, it makes it possible to 
reduce the number of parts. 

It is permissible to use a translucent material (hav- 
ing a slightly low transmission) for the clear film, the 
clear resin for the first light-diffusing layer, and the clear 
resin for the second lights iff using layer. It is also possi- 
ble to use a UV curable resin as the clear resin for the 
first and second light- diffusing layers. The corrugated 
surface structure formed on the second light-diffusing 
layer may have a section resembling sinusoidal wave, 
cycloidal wave, triangular wave, and trapezoidal wave. 
The corrugated surface structure may be formed in two 
dimensions (or in lattice pattern). 
so In the case where the above-mentioned light-diffus- 
ing sheet is used for the rear-projection screen, it is lam- 
inated onto a clear plate of plastics or glass, with the 
corrugated surface structure outside, by the aid of an 
adhesive or pressure-sensitive adhesive. 
55 In the case where the above-mentioned light-diffus- 
ing sheet is used for the front-projection screen, it is 
laminated onto a supporting sheet of plastics, with the 
corrugated surface structure outside and a light reflect- 
ing layer (of aluminum or the like) interposed between 
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the light-diffusing sheet and the supporting sheet. 

The above-mentioned light-diffusing sheet may be 
used as a component of a liquid crystal cfisplay unit in 
combination with a light source, a first polarizing plate, a 
liquid crystal panel, and a second polarizing panel 
(arranged in the order mentioned), with the corrugated 
surface structure opposite to the liquid crystal panel. 
Since the light-diffusing particles are usually smaller in 
size than the pixels of the liquid crystal panel, the moir6 
pattern is less likely to occur if the intervals of corru- 
gated surface structure is smaller than the pixel of the 
liquid crystal panel. 

The above-mentioned light-diffusing sheet in which 
the clear film is a polarizing film may be used as a com- 
ponent of a liquid crystal display unit in combination with 
a light source, a polarizing plate, and a liquid crystal 
panel (arranged in the order mentioned), with the corru- 
gated surface structure opposite to the light source. 
Having the light-diffusing layer formed on the surface of 
a polarizing film reduces the number of parts and facili- 
tates the bonding to the liquid crystal panel, thereby 
simplifying the process of producing liquid crystal dis- 
play units. 

The invention will be described in more detail with 
reference to examples that follow. 

Example 1 

According to the first embodiment of the present 
invention, the light-diffusing sheet is composed of a 
clear film 1 , a first light-diffusing layer 2, and a second 
light-diffusing layer 3, as shown in Fig. 1 . The clear film 
1 is a triacetylcellulose (TAC) film, 190 urn thick. The 
first light-diffusing layer 2 is 100 ^m thick and is formed 
on the surface of the clear film 1 by roll coating, followed 
by UV light irradiation, from a mixture liquid of UV-cura- 
ble acrylic resin (as the clear resin) and 20 wt% of poly- 
styrene beads (12 urn in diameter) as the light-diffusing 
material. The second light-diffusing layer is 50 urn thick 
and has a corrugated surface structure. It is formed on 
the surface of the first light-diffusing layer 2 by roll coat- 
ing from the same UV-curable acrylic resin as men- 
tioned above. The roll coating is followed by stamping 
with a nickel stamper on which a parallel corrugated 
pattern (with a round section) is formed. Stamping is 
accompanied by UV irradiation. 

The advantage of the light-diffusing sheet in this 
example is that the light-diffusing material in the first 
light-diffusing layer does not disturb the corrugated sur- 
face structure of the second light diffusing layer. This 
produces the light diffusion as designed and eliminates 
the unnecessary light diffusion. In addition, the light-dif- 
fusing sheet in this example is capable of diffusing light 
in two directions independently owing to the corrugated 
surface structure. In other words, light is diffused more 
strongly in the direction perpendicular to the corrugated 
surface structure (right and left directions in Fig. 1) than 
in the direction parallel to the corrugation. 



Example 2 

This example demonstrates the application of the 
light-diffusing sheet to a rear-projection screen, as 

5 shown in Fig. 2. The projection screen is made up of the 
light-diffusing sheet (prepared in Example 1) and a 2- 
mm thick clear plate 4 of acrylic resin, which are bonded 
together. This screen is used as a component of a rear- 
projection television as shown in Fig. 2. This television 

w is made up of a light source 5, a reflector 6, a lens 
assembly 7 to make emanating light parallel, a liquid 
crystal panel 8 (sandwiched between polarizing plates 
9), and a projecting lens assembly 10 which enlarges 
and projects the image emanating from the liquid crystal 

is panel 8. The light-diffusing sheet is positioned such that 
the corrugation on the surface of the second light-diffus- 
ing layer 3 is aligned with the direction in which the pix- 
els of the liquid crystal panel 8 are arranged. 

In the case of this rear-projection screen, the view- 

20 ing angle is measured in the direction of arrow A in Fig. 
2. It was found that the viewing angle differs depending 
on the direction; for example, 40° in the horizontal direc- 
tion and 10° in the vertical direction. With this screen, it 
is possible to adjust the viewing angles as desired. No 

25 moir6 pattern was observed. 

Example 3 

The light-diffusing sheet as the third embodiment of 

30 the present invention is shown in Fig. 3. It is made up of 
a clear film 1 1 as the support, a first light-diffusing layer 
12, and a second light-diffusing layer 13. The clear film 
1 1 is a 188- jam thick polarizing film composed of a TAC 
film, a PVA (polyvinyl alcohol) film impregnated with 

35 iodine after uniaxial orientation, and a TAC film, which 
are laminated on top of the other. As in Example 1, the 
first light diffusing layer 1 2 is 100 urn thick and is formed 
on the surface of the polarizing film 11 by roll coating, 
followed by UV light irradiation, from a mixture liquid of 

40 UV-curable acrylic resin and 20 wt% of polystyrene 
beads (12 ^m in diameter) as the light-diffusing mate- 
rial. The second light- diffusing layer is 50 urn thick and 
has a corrugated surface structure. It is formed on the 
surface of the first light- diffusing layer 1 2 by roll coating 

45 from the same UV-curable acrylic resin as mentioned 
above. The roll coating is followed by stamping with a 
nickel stamper on which a parallel corrugated pattern 
(with 100-nm pitch and 50-jim depth) is formed. Stamp- 
ing is accompanied by UV irradiation. This light-diffus- 

so ing sheet is capable of diffusing light in the horizontal 
and vertical directions independently as desired without 
unnecessary light diffusion. 

Example 4 

55 

The fourth embodiment of the present invention is a 
front-projection screen as shown in Fig. 4. It is made up 
of the light-diffusing sheet (prepared in Example 3), a 
reflecting layer 14 (of aluminum film), and a 1 -mm thick 
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supporting sheet 15 of polyvinyl chloride, which are 
bonded together. This projection screen was incorpo- 
rated into a front-projection television as shown in Fig. 
4. The television is made up of a light source 16, a 
reflector 17, a lens assembly 18, a liquid crystal panel 
19 (sandwiched between polarizing plates 20). a pro- 
jecting lens assembly 21, and the projection screen 
mentioned above. The light-diffusing sheet is positioned 
such that the corrugation on the surface of the second 
light-diffusing layer 13 is aligned with the direction in 
which the pixels of the liquid crystal panel 19 are 
arranged. 

In the case of this front-projection screen, the view- 
ing angle is measured in the direction of arrow B in Fig. 
4. It was found that the viewing angle differs depending 
on the direction; for example, 40° in the horizontal direc- 
tion and 10° in the vertical direction. With this screen, it 
is possible to adjust the viewing angles as desired. No 
moird pattern was observed. 

Example 5 

The fifth embodiment of the present invention is a 
liquid crystal display unit as shown in Fig. 5. It is com- 
posed of a back- light 22, a liquid crystal panel 23 
(sandwiched between polarizing plates 24), and the 
light-diffusing sheet (prepared in Example 1). with the 
last two being bonded together. The light-diffusing sheet 
is positioned such that the corrugation on the surface of 
the second light diffusing layer 3 is aligned with the 
direction in which the pixels of the liquid crystal panel 23 
are arranged. 

Owing to the light-diffusing sheet, the liquid crystal 
display unit has viewing angles of 46° and 17° in the 
horizontal and vertical directions, respectively. The liq- 
uid crystal display unit without the light diffusing sheet 
has viewing angles of 30° and 12° in the horizontal and 
vertical directions, respectively. 

Effect of the invention: The light-diffusing sheet of 
the present invention permits the light diffusion to be 
established in the horizontal and vertical directions 
independently. It can be used for the rear-projection 
screen without the occurrence of moir6 pattern. It can 
also be used for the front-projection screen which per- 
mits the viewing angles to be established in the horizon- 
tal and vertical directions independently. Furthermore, it 
can be used for the liquid crystal display unit to increase 
its viewing angle without causing moir6 patterns and 
decreasing contrast. 

Claims 

1 . A light-diffusing sheet of the type having a clear film 
and two light-diffusing layers formed consecutively 
thereon, characterized in that the first light-diffusing 
layer is a film of clear resin incorporated with a light- 
diffusing material, and the second light-diffusing 
layer is a film of clear resin having a corrugated sur- 
face structure formed thereon. 
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2. The light-diffusing sheet as defined in Claim 1, 
which meets the conditions specified by the equa- 
tion below. 

5 10 jam < t < 500 pm 

0.01 < An < 0.12 
3 wt% < c 

10 

4 fim < d < 30 urn 

where, 

is \ denotes the thickness of the first light-diffus- 

ing layer; 

An denotes the difference between the refrac- 
tive index of the light-diffusing material in the 
first light-diffusing layer and the refractive index 
20 of the clear resin of the first light-diffusing layer; 

c denotes the concentration (by weight) of the 
light-diffusing material in the first light-diffusing 
layer; and 

d denotes the average particle diameter of the 
25 light-diffusing material in the first light-diffusing 

layer, 

3. The light-diffusing sheet as defined in Claim 1 or 2. 
which is characterized in that the corrugated sur- 

30 face structure meets the conditions specified by the 
equation below. 

1 |im < p < 600 |im 

35 where, p denotes the pitch of the corrugation. 

4. The light-diffusing sheet as defined in any of the 
preceding claims, which is characterized in that the 
clear film is a polarizing film. 

40 

5. A rear-projection screen which comprises the light- 
diffusing sheet defined in any of the preceding 
claims and a transparent plate bonded together, 
with the corrugated surface structure facing out- 

45 side. 

6. A rear-projection screen which comprises the light- 
diffusing sheet defined in Claim 4 and a transparent 
plate bonded together, with the corrugated surface 

so structure facing outside. 

7. A front-projection screen which comprises the light- 
diffusing sheet defined in any of the preceding 
claims and a transparent plate bonded together, 

55 with the corrugated surface structure facing out- 
side. 

8. A liquid crystal display unit which comprises a light 
source, a first polarizing plate, a liquid crystal panel, 
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a second polarizing plate, and the light-diffusing 
sheet defined in any of the preceding claims, which 
are arranged in the order metnioned, with the light- 
diffusing sheet positioned such that the corrugated 
surface structure faces outside. 5 

9. A liquid crystal display unit which comprises a light 
source, a polarizing plate, a liquid crystal panel, 
and the light- diffusing sheet defined in Claim 4, 
which are arranged in the order mentioned, with the 10 
light-diffusing sheet positioned such that the corru- 
gated surface structure faces outside. 
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